ST1C-ILL i 

" — ■ — ; • Kfio 

From: Ponnaluri, Padmashn - /i 

Sent: Tuesday, July 18, 2000 12:31 PM // lj jUn 

Subject: A request for copies of references ' 

Please send me copies of the following references: 

1) U Ivanenkov V.V.; Felici F.; Menon A.G.., Biochimica et Biophysica Acta - Molecular Cell Research, (1 1 , January 

1999) 1448/3 

(463-472). ISSN: 0167-4889 CODEN: BAMRDP 

2) Becerril, Baltazar; Poul, Marie-Alix; ~*Marks, James D. (1)*** ., Biochemical and Biophysical Research 
Communications, (Feb. 16, 1999) Vol. 255, No. 2, pp. 386-393. ISSN: 0006-291X. 



3) Poul, Marie-Alix; ***Marks, James D. (1)*** ., Journal of Molecular Biology, (April 30, 1999) Vol. 288, No. 2, pp 
203-211. ' 

ISSN: 0022-2836. : 



4) Marks, Cara; ***Marks, James D. (1)., New England Journal of Medicine, (1996) Vol. 335, No. 10, pp. 730-733. / 
ISSN: 0028-4793. 



5) Schier, Robert (1); Adams, G.; Marshall, K.; McCall, A.; Weiner, L; 

Bookman, M.; ***Marks, James D., Immunotechnology (Amsterdam), (1996) Vol. 2, No. 4, pp. 290-291. 
Meeting Info.: 1996 Keystone Meeting on Exploring and Exploiting Antibody 
and Ig Superfamily Combining Sites Taos, New Mexico, USA February 22-28, 
1996 

ISSN: 1380-2933. 



6) Schier, Robert; ***Marks, James D. (1)., Human Antibodies and Hybridomas, (1996) Vol. 7, No. 3, pp. 97-105. 
ISSN: 0956-960X. 

T> Schier, Robert; ***Marks, James D. (1)*** ; Wolf, Ellen J.; Apell, 

Gerald; Wong, Cindy; McCartney, John E.; Bookman, Michael A.; Huston, 

James S.; Houston, L. L; Weiner, Louis M.; Adams, Gregory P., Immunotechnology (Amsterdam), (1995) Vol. 1, No. 
1, pp. 73-81. 

(file reference: 09/249,529) 
thanks 

Ponnaluri. P (Shri) 
Patent Examiner 
Art Unit 1627 
703-305-3884 
CAM, 8E11. 



1 



The New England Journal of Medicine 



C - ^n Material 

DC - . -yocopy; 



Molecular Med 



Phage Libraries — A New Route 
to Clinically Useful Antibodies 

Cara Marks, Ph.D., and James D. Marks, M.D., Ph.D. 



ANTIBODIES can bind with high affinity 
and specificity to molecules of virtually any 
shape and to antigens ranging from small or- 
ganic compounds to large proteins. These character- 
istics have led to the widespread use of antibodies 
as laboratory reagents, in diagnostic tests, and for 
therapeutic purposes. The immune system produces 
antibodies by a process of natural selection. In this 
article we describe how the strategy of natural selec- 
tion can be used in bacteria to produce antibodies 
with novel characteristics and binding properties. 
This technology is opening up new diagnostic and 
therapeutic applications of antibodies. 

ANTIBODY PRODUCTION IN VIVO 

In vivo, antigen-driven selection governs the pro- 
duction of antibodies (Fig. 1). The process has three 
key features: the generation of millions of different 
antibody genes through the rearrangement of a lim- 
ited number of gene segments; the expression of this 
repertoire of rearranged genes on the surface of 
B lymphocytes, where the antibody functions as an 
antigen receptor; and the antigen -driven selection of 
clones of B lymphocytes for proliferation and dif- 
ferentiation into antibody-producing plasma cells. 
High-affinity antibodies are generated by somatic mu- 
tation of the antibody genes and further rounds of 
selection by antigens. 

ANTIBODY PRODUCTION IN VITRO 

The unique recognition properties of antibodies 
have been exploited for diagnostic and therapeutic 
applications since the turn of the century. Initially, 
polyclonal antibodies from the serum of immunized 
animals or humans were used. An important advance 
was the discovery in 1975 that monoclonal antibod- 
ies could be produced by hybridomas that were made 
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by fusing a single B lymphocyte, usually obtained 
from immunized mice, with an immortal cell line. 
Hybridomas can secrete unlimited quantities of a sin- 
gle antibody with reproducible binding properties. 

However, such monoclonal antibodies have limita- 
tions, especially with respect to therapeutic applica- 
tions. Murine monoclonal antibodies are immuno- 
genic in humans, which decreases their efficacy over 
time and is associated with a risk of allergic reactions. 
It has been difficult to produce human monoclonal 
antibodies from hybridomas. Moreover, the murine 
immune system may fail to recognize medically rele- 
vant molecules, particularly those whose structures 
are similar or identical in mice and humans. There 
also appears to be a limit to the affinity of murine 
monoclonal antibodies, which renders them inade- 
quate for many clinical applications. 

MIMICKING IMMUNE SELECTION 
IN VITRO 

Three technical advances have made possible anti- 
gen-driven immune selection in vitro. First, it has 
proved possible to express the antigen- binding do- 
mains of the heavy (V H ) and light (V K ) chains of an- 
tibodies in Escherichia coli, either as Fab fragments 
or as single-chain Fv (scFv) fragments (Fig. 1). Sec- 
ond, large and diverse repertoires of Fab or scFv 
genes can be generated with the polymerase chain 
reaction (Fig. 2). These repertoires can be built from 
V H and V K genes obtained from B lymphocytes, ei- 
ther before or after immunization, or from cloned 
V gene segments that have been rearranged in vitro. 
Third, the scFv or Fab antibody fragments can be 
expressed on the surface of viruses (phages) that in- 
fect E. coli. This step is accomplished by cloning the 
antibody genes into a phage vector in a way that fus- 
es them with a gene that encodes a protein ex- 
pressed on the surface of the phage (Fig. 2). The re- 
sulting phage anchors the antibody on its surface by 
means of the coat protein and contains the gene en- 
coding the antibody. The genetically engineered 
phage thus mimics the B lymphocyte by expressing 
an antibody on its surface and having an immuno- 
globulin genotype. 

The repertoires of scFv or Fab genes can be cloned 
into phage vectors, creating phage- antibody libraries 
(Fig. 2). Phage antibodies that bind to a particular 
antigen can be separated from nonbinding phage an- 
tibodies by antigen selection. After incubation with 
immobilized antigen, nonbinding phages are washed 
away, and the bound phages are recovered by elution 
from the solid-phase antigen (Fig. 2). A single round 
of selection increases the number of antigen- binding 
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Rgure 1. Generation of Antibodies in Vivo. 
In the top panel, the random rearrangement of germ-line gene 
segments creates a repertoire of more than a million B cells 
with different immunoglobulin heavy-chain {V H ) and kappa 
light-chain (V K ) variable (V) genes. For the sake of simplicity, the 
lambda light-chain locus is not shown. The rearranged heavy- 
chain gene consists of 1 of approximately 50 V H gene segments, 
1 of 33 D gene segments, and 1 of 6 J H gene segments. The ran- 
dom addition of nucleotides between the points at which the 
y and D segments and D and J segments meet greatly increas- 
es the diversity of the repertoire, which contains 10 6 to 10 9 dif- 
ferent V H genes. A similar rearrangement mechanism of V K and 
J K gene segments results in 10 3 to 10* different rearranged kap- 
pa light chains. The light chains are less diverse than the heavy 
chains, because there are no D segments in light-chain genes. 
The potential number of different antibodies created by gene re- 
arrangements, which is the product of the numbers of diverse 
V H and V segments, far exceeds the number of different B cells 
in the body. The rearranged genes are expressed as membrane- 
anchored immunoglobulins on the surface of the B cell, where 
they function as antigen receptors (middle panel). In the bottom 
panel, when antigen binds to the surface immunoglobulin, the 
B cell is stimulated to proliferate and differentiate into plasma 
cells. 

The inset shows the IgG antibody fragments in detail. The mod- 
ular structure of antibodies makes it possible to produce small 
antigen-binding fragments that can be expressed in E. coli. The 
Fab fragment consists of the V H domain and the first domain of 
the constant region (C H 1) paired with V^ and the light-chain con- 
stant iC K ) domains. The single-chain Fv fragment consists of a 
single polypeptide chain with the V H and V K domains connected 
by a flexible peptide linker. The linker keeps the noncovalently 
linked variable domains from dissociating at physiologic con- 
centrations. 
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phage antibodies in the mixture. The eluted phages 
are used to infect a fresh batch of £. coli, which pro- 
duce more phages for the next round of selection. 
Repeated rounds of selection can isolate antigen- 
binding phages that were present at the start of the 
process at frequencies of less than 1 in a billion. 

APPLICATIONS OF PHAGE ANTIBODIES 

By exploiting strategies used by the immune sys- 
tem, phage libraries can produce antibodies with 
many clinically applicable immunochemical specifici- 
ties. For therapeutic purposes, human antibodies can 
be produced without immunization by phage- anti- 
body libraries that contain human V genes. From 
such libraries, many different antibodies can be iso- 
lated against virtually any antigen. Phage antibodies 
have a number of advantages over monoclonal anti- 
bodies produced from hybridomas. First, the amino 
acid sequences of the antibodies are entirely human, 
making them less immunogenic than murine anti- 
bodies or monoclonal antibodies that are mouse- 
human chimeras. Second, in vivo mechanisms that 
normally get rid of self-reactive antibodies are avoid- 
ed, because selection occurs entirely in vitro. This 
makes it possible to produce human antibodies 
against human antigens or antigens conserved be- 
tween species, thereby exposing therapeutic targets 
that have previously not been approachable with an- 
tibodies. Third, the immunoglobulin V genes are 
already cloned, and £. coli typically express the an- 
tibody fragments well. These features facilitate sub- 
sequent manipulation of the genes in ways that 
increase the affinity of the antibodies, change their 
fine specificity, and alter their size or valency. Fur- 
thermore, genetic engineering can be used to fuse 
the antibodies to cytolytic proteins that enhance the 
therapeutic effect of the antibodies. To increase the 



Figure 2. Strategy for Antibody Production with Phage Libraries. 
In the top panel, a repertoire of single-chain Fv genes {scFv) is 
generated with the polymerase chain reaction. The repertoires 
are constructed either from V H and V K genes that had been re- 
arranged in vivo or from y gene segments that are rearranged 
in vitro (not shown). The repertoire of scFv genes is cloned into 
a phage vector in a way that fuses the scFv gene to a gene 
(gene III) that encodes a protein (pill) expressed on the phage 
surface. In the middle panel, the vector directs £ coli to pro- 
duce phage antibodies, which have on their surface a function- 
al scFv fused to pill. Inside each phage antibody is the vector 
DNA containing the gene for the scFv. Phage antibodies bind- 
ing a specific antigen can be separated from nonbinding phage 
antibodies by affinity chromatography on immobilized antigen 
(bottom panel). A single round of selection increases the num- 
ber of antigen-binding phage antibodies by a factor ranging 
from 20 to 1000, depending on the affinity of the antibody. 
Eluted phage antibodies are used to infect E. coli, which then 
produce more phage antibodies for the next round of selection. 
Repeated rounds of selection make it possible to isolate anti- 
gen-binding phage antibodies that were originally present at 
frequencies of less than 1 in a billion. 
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tfinity of antibodies, the sequence of an immuno- 
rlobuiin V gene in an antigen- binding phage anti- 
fnxiv is mutated; phage antibodies that bind to the 
antiu^ n w * tn i ncrcase< i affinity can then be selected 
th>m the mutants produced. In this way, antibody af- 
tinitv has been increased more than a thousandfold. 
Genetic manipulations make it easy to tailor antibod- 
ies to a specific application. For cancer therapy, for 
example, genetically engineered, small, high-affinity 
antibody fragments can target tumors more specifi- 
cally than larger IgG antibodies. 

Phage antibodies are also useful as diagnostic re- 
agents and drug-discovery tools in the research labo- 
ratory. The ability to fine-tune specificity and affinity 
tbr diagnostic purposes will permit the identification 
of closely related molecules that occur in low concen- 
trations in serum. In addition, the fusion of antibod- 
ies with detecting reagents, such as alkaline phos- 
phatase, results in single-step in vitro diagnostic 
reagents. The ability to produce phage antibodies rel- 
atively quickly (within a period of two weeks) will 
lead to their widespread use as drug-discovery tools 
and research reagents, a particular , advantage given 
the vast number of new genes being identified by ge- 
nome-sequencing projects. Phage antibodies provide 
a rapid method for detecting the gene product and 
identifying its location. Moreover, the scFv gene can 
be subcloned, expressed intracellularly in eukaryotic 
cells, and targeted to subcellular compartrnents where 



the antibody can neutralize (knock out) the antigen 
to which it binds. This technique will help pinpoint 
the function of newly found genes. Phage libraries 
can produce antibodies against murine proteins, 
which is difficult to do with hybridoma- based tech- 
nology. This feature of phage antibodies could allow 
the development of murine models of human diseases 
without the need for transgenic mice. Phage antibod- 
ies can also be used as probes to identify novel mole- 
cules direcdy, by selecting libraries on intact cells. 

Although the technology is only five years old, the 
first generation of phage antibodies is already being 
used in phase 1 clinical trials. In the future, the only 
impediment to new clinical applications will be the 
investigator's imagination. 
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